The paper examines the impact of institutional environment on the growth of the Indian information technology (IT) industry. The study reveals that before the first generation of reforms, that is, 1991, the government was pursuing a structuralist approach toward economic development. After liberalization in 1991, the government embarked on pro-active economic policies for the diffusion and production of IT. Consequently, the IT industry experienced an unprecedented growth rate in domestic as well as export markets. However, foreign direct investment (FDI) policies have not been successful in attracting the desired level of foreign investment, which is very important for a high-tech sector such as IT hardware manufacturing. The study suggests that immediate corrective measures need to be taken to augment the IT manufacturing industry, which can *Email : klal@ieg.ernet.in, Ph: +91-11-7416486, Fax: +91-11-7257410. 3 significantly contribute to national economic development and employment generation.
INTRODUCTION
Recent technological development led by information and communication technologies (ICTs) is regarded as revolutionary (Mansell and Wehn, 1998) . Its potentials are recognized by both developing and developed nations. In the words of the Secretary General of the United Nations, "Communication and information technologies have enormous potential, especially for developing countries, and in furthering sustainable development" (Annan, 1997) .
The applications of ICTs cut across geographical boundaries and types of activities. ICTs are considered to be very pervasive as they can be applied in a wide variety of fields such as agriculture, health, education and training, manufacturing, services, transport, business, and environmental management. In recent years, the manufacturing of ICT products and related services has been a major industry in the US, Japan, and Europe (Dedrick and Kraemer, 1993) . Several developing countries have also emerged as major producers of ICT products and services. India too has made significant progress in the development of an IT industry that is capable of producing hardware for the domestic market and software for exports.
It is argued in the literature (Coase, 1992; North, 1991) that the institutional environment created by governments in the form of policies and interventions has a bearing on economic development in developing as well as developed nations. In developed countries, interactions between firms and government may not be very strong, while in developing countries interactions are not only very strong, but many times firms require pro-active and promotional measures. The economic performance of a country is significantly influenced by the promotional and pro-active policies of governments. The emergence of the strong economies of newly industrialized countries (Singapore, South Korea, Taiwan, and Hong Kong) is a case in point. The World Bank (1993) attributed the astonishing success of the East Asian "Tigers" mainly to liberalization, export orientation, high levels of investment, and education. Despite the pervasiveness of ICTs, the diffusion and development of ICTs in developing countries has been uneven (Mansell and Wehn, 1998 ). There have been several studies (UNCSTD, 1997; Howkins and Valantin, 1997; Lal, 1999) that analyze the causes and consequences of the adoption of ICTs in developing countries. These studies emphasize the importance of information infrastructure in the diffusion of ICTs. Besides information infrastructure, the UNCSTD (1997) study concluded that governments need to give priority to polices, regulations, education, and training, as also to technology assessment programs to enhance the capacity for creatively producing or using ICTs. While emphasizing the role of creating a conducive institutional environment, the UNCSTD study underlines the necessity of a national ICT strategy.
Lack of information infrastructure is considered to be one of the major impediments in the diffusion of ICT. Information infrastructure includes the development of technological capabilities for use and production of ICTs and can be divided into three categories: (1) global information infrastructure (GII); (2) national information infrastructure (NII); and (3) local information infrastructure (LII). Governments can play a very important role in building a proper information infrastructure.
However, models of development of information infrastructure are dependant on the stage of development of an economy and are expected to vary significantly in less developing and least developing countries (Mansell and Wehn, 1998 ).
There are strong reasons for skepticism about the positive impact of liberalization. It may lead to the destruction of domestic manufacturers, who cannot compete with low-cost imports. It could also lead to duality in economic development, because the benefits of liberalization could be grabbed by the elite. Despite these risks, every country that has become a significant player in the global IT industry has employed some form of promotional policies (Evans, 1992; Dedrick and Kraemer, 1993 ).
There have been several studies (Brunner, 1991 and 1995; Dedrick and Kraemer, 1993) that deal with the development of the ICT industry in India. The studies by Brunner (1991) and by Dedrick and Kraemer used the data of the pre-liberalization period of the Indian economy, whereas Brunner's 1995 study, though carried out after liberalization, concentrates on the technological changes in the Indian computer industry. While the earlier studies were undertaken in the era that was dominated by import substitution rather than by an export-oriented policy regime, this study examines the impact of liberalization on the growth of the IT industry in India in an era of privatization and deregulation, the tenets of the neoclassical approach toward economic development.
The analytical framework that encompasses the interactions among the elements of the network-that is, among government policies, information infrastructure, the IT industry, and markets, is depicted in Supply-side factors consist of telecommunications networks, power, transport, human resources development, and export-import policies, whereas the demand-side factors include encouragement of the use of IT in the domestic market. Demand elasticity of IT products in the domestic market can be greatly influenced by proper monetary and fiscal policies.
For instance, banks and other financial institutions can provide loans for the purchase of IT products to individuals and corporations, at a competitive rate of interest. Another area where government intervention is needed to harness the potential benefits of the IT revolution is in human resource development. Liberalization of export-import policies are equally important for efficient allocation of resources.
The remainder of this paper is organized as follows. The highlights of export-import (EXIM) are presented in Section I, while Section II deals with technological policies. In Section III we outline human resource development policies, whereas Section IV delineates the structure of the Indian ICT industry. Performance of the ICT industry in domestic as well as in international markets is discussed in Section V. Finally, the findings of the study are summarized in Section VI.
I. EXPORT-ORIENTED POLICY REGIME
Past and present policies of the government of India have been responsible, by and large, for the success and failure of the growth of the ICT industry. Until the mid-eighties, India had been following the structuralist approach toward economic development by concentrating on import substitution policies. Inward-looking policies, however, could not achieve rapid economic growth, significant improvement in the living conditions of the people, or self-reliance, for which policies had been justified by successive governments since independence. In 1985, the government started a reform program aimed at changing import substitution to export-oriented policies. Due to an unstable political environment during 1988-90, the reform process could not maintain its momentum. With a relatively stable government in place in 1991, the liberalization process was accelerated. Major policy changes in the electronics sector were introduced.
1 In the next sub-section, we present the salient features of the policies that might have contributed to the growth of the IT industry in India.
Export Processing Zones (EPZs)
The concept of EPZs was introduced in 1975 with the establishment of the Santa Cruz Electronics Export Processing Zone (SEEPZ) in Mumbai.
Foreign and Indian investors were offered incentives to establish the export base in the SEEPZ. The incentives included inexpensive land, tax holidays, duty-free import of inputs, and a single-window clearance process. However, the procedures for acquiring a license to import inputs were very complicated. It was mandatory to get a not-manufactured-inIndia (NMI) certificate for the import of inputs. This policy, under the general import-substitution policy regime, was aimed at encouraging the use of indigenous inputs as much as possible. Consequently, the success of the establishment of the SEEPZ was limited. 2. Permission to sell in the DTA up to 40% of the production in case the value addition exceeds 25%, and up to 30% of the production in case the value addition is between 15% and 25% (such sales attract 50% of normal customs duty).
3. Minimum value addition for computer software is 30%.
July 1999. 5 Units in the free trade zone shall be permitted to carry out any manufacturing or trading activities. They shall not be subjected to any predetermined value addition, export obligation, or input-output/wastage norms. They shall be treated as outside the customs territory of the country, and customs officials shall man only entry and exit points. This scheme is expected to further boost export performance, as the minimum value addition of 30% of software items has been relaxed.
Export Promotion Capital Goods (EPCG) Scheme
Capital goods are allowed to be imported at 10% customs duty, with an export undertaking worth four times the CIF value of imports over a period of five years. In the amended EXIM policy, the threshold limit for zeroduty import of capital goods for the software sector has been brought down from Rs. 200 million to 1 million. Software exporters can also import computer hardware under this scheme. Zero-duty import of capital goods in the electronic sector, other than software, has been brought down to Rs.
10 million from 200 million. These units are also entitled to the benefits that are available to EPZ units.
Duty Exemption and Duty Drawback Schemes

II. TECHNOLOGY POLICIES
The success of the IT industry is intertwined with communication 
Information Technology
Market equilibrium is determined by supply and demand factors. Laissezfaire market economy may not be the right policy choice for the development of a new industry such as IT. Realizing the need for proper policies for the promotion of IT use as well as the encouragement of IT production and related services, the government has initiated various schemes in different policy regimes. We discuss in this section the important policy measures that have been taken to promote the IT industry.
The entire period of development of IT can be divided into three phases.
The first period, before 1991, was dominated by a structuralist approach toward economic development. The second period, from 1991-1997, This took the PC penetration in India to 3.2 PCs per thousand persons by the end of 1998-99. The manufacturing sector has experienced an average growth rate of 28-30% over the last decade. The hardware sector witnessed an accelerating paradox of increasing unit sales and constrained revenues.
Production of IT
In 1991, the government changed its economic policies and moved along With the implementation of the above recommendations, it is expected that the Indian IT industry might achieve an even higher growth rate compared to what it has been experiencing. If second-generation reform programs succeed, India might achieve its target of a tenfold increase in the penetration rate of PCs by 2008.
Communication Technology
An effective telecommunication network is a crucial element of the IT infrastructure. The government, after realizing the importance of this sector, started reforms in 1991. Consequently, telephone density per 1000 persons increased from 5 in 1989 to 12 in 1996 (Mansell and Wehn, 1998 3. Providing access to the Internet through authorized cable TV providers shall be permitted to any service provider without additional licensing, subject to applicable cable laws.
The recommendations of the Task Force are expected to show their impact on further growth of the Indian IT industry after some lag.
III. HUMAN RESOURCE DEVELOPMENT
Human capital is a key to success in a high-technology sector such as IT.
Skilled workers are needed not only for the production of IT, but also for its successful use. The technological change caused by the adoption of IT is regarded as a skill-biased technological change (Doms et al., 1997; Lal, 1996 The duration of the courses offered by all institutions varies from six months to five years.
In 1996, the Indra Gandhi National Open University (IGNOU) took the responsibility of providing computer education to people in remote areas. IGNOU started distance education computer courses leading to BCA and MCA degrees. The success of IGNOU's program can be judged by the increasing number of students in these courses. In 1998-99 the total enrollment was more than 10,000 all over the country. Despite these efforts in human resource development, the National Task Force on information technology has made the following recommendations to meet the growing demand for highly qualified engineers and technologists:
1. All universities, engineering colleges, medical colleges, research and development organizations, and other institutions of higher learning in the country shall be networked for a supplementary program of distance education for improving the quality of education before the year 2000.
2.
The seven national institutions (six IITs, IISc) shall be encouraged to triple their output of students in IT by suitably restructuring the program.
IV. INDUSTRY STRUCTURE
Although there are around 135 companies involved in the production of IT, training, and software development, the Indian IT industry may be considered as a fairly concentrated industry in which the top five companies accounted for 64% of the market share in 1989-99. The performance of these five firms is presented in Table 1 . provider.
Wipro Corporation
The company is a large conglomerate with operations in agro-based industry, medical equipment, consumer products, financial services, and information technology. In 1994-95, Wipro and Acer (Taiwan) began a joint venture to manufacture and market the entire range of Acer products including desktops, laptops, servers, and monitors. The joint venture
Wipro Infotech consolidated its position and emerged as one of the leading IT companies in India. Its sales turnover has been highest for the last two consecutive financial years.
After liberalization, the company concentrated on software engineering and IC designs for international customers. According to the Chairman of Wipro, Azim Premji, this initiative has changed the mindset of the company from that of a provider of hardware products to a company that is a provider of software services and customized, integrated, highvalue, information-technology-based productivity solutions. The new strategy is earning dividends for Wipro. Table 1 shows that the profit and sales turnover of Wipro was highest in 1998-99. The company enjoys 30%
of the market share of the Indian IT industry.
HCL Infosys
The company was set up by a group of technocrats in April 1986. It was established during the time when a reform process had begun to take form under the dynamic leadership of India's youngest prime minister, Rajiv
Gandhi. The major thrust of the reform process was a shift from importsubstituting inward-looking policies to export-oriented outward-looking policies. The reform programs included steps to simplify the tax system and shift import control from licensing to tariffs. However, tariff rates were kept high to prop up sick state-owned enterprises. India could not attract foreign investment due to barriers created by the Foreign Exchange Regulation Act. Although the reforms introduced in the mid-eighties were welcome, they were neither sufficient for the IT industry to grow in the domestic market nor were they enough to permit venturing into the international market.
In 1991, the government implemented a broader reform program.
Foreign equity participation was raised from 40 to 51% and restrictions on foreign investment were also eased. HCL Infosys took advantage of these policies and entered into a joint venture with Hewlett-Packard, US, for computer hardware manufacturing, marketing, and servicing. Its range of products included multi-user super-minis and engineering workstations.
The technology of these products was being provided by the foreign partner.
Initially, the company was not in the software business. After establishment of STPs by the Government of India, HCL Infosys opened its software subsidiary. In 1998, the collaboration with HP was broken and the company was renamed HCL Infosys. As can be seen from Table 1 , the growth of its sales turnover has been much less than that of other firms.
This may be because the main business of the company is hardware manufacturing. Although India has been successful in building an IT industry that is capable of producing hardware for the domestic market, the export performance of the hardware manufacturing segment has been negligible. In that sense, the market for hardware firms is limited to the domestic market. Moreover, MNCs have also made a dent in the domestic hardware market. Despite the presence of MNCs in the domestic market, HCL Infosys enjoys a very high share (67%) in the domestic corporate market.
Infosys Technologies
This is a 100% software company. Although the company was incorporated The company has been growing at the same rate (more than 50% of the Indian IT industry) since 1992.
Satyam Computer Services Limited
Satyam Computer Services Limited (SCSL) has been in the software development business for quite a long time. However, the company made its presence felt in the Indian IT industry only in 1991. SCSL became a private limited company in the same year; it is one of the IT firms that took advantage of the liberal economic policies of 1991 to set up four software development centers in four major Indian cities: Chennai, Secunderabad, Bangalore, and Hyderabad. Initially it was engaged in the development of software for IBM systems, Windows, and Unix platforms.
Of late SCSL has emerged as the largest internet-service-providing company, while maintaining its dominance in software exports to France, Sweden, and the US. In 1989-99, the firm was listed in NASDAQ. The company's average annual growth rate has been more than 60% since 1991.
V. PERFORMANCE
The performance of the IT industry may be partly attributed to the liberalization and deregulation programs that were started in 1991. The IT industry has grown at 31.3% during 1994-95 and 1998-99. While the CAGR of software exports has been 53.8%, the software sector in the domestic market has achieved CAGR 37.8% for the same period. However, the performance of IT hardware has neither been impressive in the domestic market (13.4% growth rate during 1994-99) nor in the export market. In fact, India's hardware exports declined substantially in 1998-99 from the previous year. It may be mentioned here that India has a comparative advantage of a large pool of skilled workers. A comparative advantage of this kind is necessary but not sufficient for the development of IT hardware manufacturing, which is skill-as well as capital-intensive. Table 2 .
***INSERT TABLE 2 HERE***
It can be seen from Table 2 that an institutional environment created by the government, in the form of investment policies, specific training programs, and better communication infrastructure, has been found very conducive for the growth of the IT industry. These comparative advantages are not natural, but rather are acquired. India might have been able to acquire them as a result of the first generation of liberalization. The second generation of reforms may further strengthen them. We now proceed to evaluate the performance of the IT industry in the domestic and international markets.
Domestic Market
We have already discussed the performance of IT hardware and software sectors in Section II. However, the other features of IT such as internet, intranet, and extranet that started becoming popular in the Indian market in the late eighties need to be discussed. Initially, access to the Internet was controlled by government institutions, and services were available to select educational and research institutions and government departments.
In 1995 access to the Internet was made available to the general public.
Since then the number of Internet users has grown exponentially. In the following sub-section, we discuss the growth of the Internet in India.
The Internet
The National Informatics Center ( The domain of VSNL has not been limited to the general public, however;
it has successfully penetrated into government-owned and autonomous
institutions. This may be attributed to the state-of-the-art technology provided by VSNL and its virtual monopoly on data communication gateways. Although the government of India, in its 1998-99 telecommunication policy, allowed private companies to set up their own gateways, 9 not a single private company has come forward so far to enter into gateway services.
Internet Service Providers (ISPs)
The government of India, in its 1998-99 telecommunication policy, also opened the Internet service sector to private-and public-sector companies. 
International Market
In the export market, the performance of the IT industry has been better than in the domestic market. The trends in software, hardware, and peripherals exports are shown in [1991] [1992] [1993] [1994] [1995] [1996] [1997] , and the second generation of reforms period (after 1997).
The study reveals that the government pursued a structuralist approach toward economic development before the first-generation reforms period, that is, pre-1991. The thrust during this period was to achieve economic development through import-substitution activities rather than export-led development. Although MNCs were permitted to play in the Indian market, domestic firms were protected by fiscal instruments.
Consequently, the Indian IT hardware sector could not become internationally competitive. IT software firms could not flourish, as they did not have easy access to the MNCs' computer hardware. Access to their hardware was essential to develop software for systems that were based on proprietary system architecture and designs.
The first generation of reforms was aimed at augmenting the growth of the IT industry in India. Therefore, policy measures were taken for a rapid diffusion of IT in the domestic market, and for boosting the export performance of the IT industry. Customs duty on finished IT hardware products and components was reduced from 200% in the mid-eighties to 25% in 1990 (Dedrick and Kraemer, 1993) . The impact of liberalization has perhaps been more noticeable in IT software and services. In fact, the hardware sector is thoroughly demoralized in India. As pointed out by Evans (1992) 
